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(54) Rolling bearing 

(57) An outer ring 2 as a stationary ring is fabricated with an iron-steel material of the following composition. Alloying 
components contain carbon (C) 0.40 wt% to 1 .20 wt%, silicon (Si) and/or aluminum (Al) 0.7 wt% to 2.0 wt%, manganese 
(Mn) 0.2 wt% to 2.0 wt%, nickel (Ni) 0.1 wt% to 3.0 wt% and chromium (Cr) 3.0 wt%to 9.0 wt%. Cr-equivalent amount 
shown in the following (1) formula is 9.0 wt% to 17.0 wt%. In the bearing face, the hardness is HRC57 or higher, fine 
carbides (diameter 50 to 500 nm) are dispersively precipitated, and the maximum diameter of carbide is less than 1 0 u,m. 



Cr-equivalent amount (%) = [Cr] + 2[Si] + 1 .5[Mo] + 5[V] 
+ 5.5[AI] + 1.75[Nb] + 1.5[Ti] 
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Description 

BACKGROUND OF THE INVENTION 
5 1 . Field of the Invention 



2. Description of the Related Art 

h- 2 Lo R b ^ 'igm weight, auxiliary machines of engines 

* light weight. For example, bearings for ^2£XS25£ ° Utp h Ut K t0 , 9ether with maki "9 the small size and the 
4G to 20G a. the acceleration oC^^^^ ? hi 9 h * b ' a «°n ° rhi9h ,0ad < ar ° und 
engine. Therefore in the <»m«mioL b^n 0 f<X2ZSa d^I2 h*^f s,multane °^'y with working of the 
occur at an earlier period of service esoeclallv in f" emat0 f n a problem nas be e" present that exfoliation is easy to 
[0003] K is considered thai at an ITh h f! ° f rin9 bei " 9 a stationar V 

• the outer ring and the £^ «— . the bearing face of 
company with increase of stress by high vibration an^a wat™,.? ' * of an oil film is difficult in 
during car washing, dissolve the grease M ° f ar ° Und ° A% in a 9 rease ° r a water invasion 

stainless steel (SUS440C) balls were used was longer than theli^ in th » l™**' th3t the " fe in the test where 
chromium bearing 2 category (SUJ2) " the teSt where steel Da,ls ™ade of high carbon 

t^blin^^^^^ - -* — « 3° as «o lengthen the Itfe of 
Eg, S:^^^^^^^ He,. a-,73747 proposes , (n a ^ sea|ed 
described to employ, as the mariensL Lased SEE s e'e ' 1 3% SSiSS^T ^ M ^ *** " * 
fabr,cation(e.g., SUS420J2), otherwise 13%Cr-or18% Cr hfahcaLn^ A f m * ,em P ered martensite 
0.7% C steel and SUS440C being 18% Cr-1% C steelf * ( **' SUS440A bein 9 13% Cr " 

[0008] Japanese Patent Unexamined Publication No Hei 4-?Rfi/K; o «. 

carbon (C) and higher chromium (Cr) (C: 0.65 to 0 90 wt°/ Cr S °' 3 St8e ' containi "9 '°wer 

1 .0 wt%) in comparison with SUJ2 which has hirto be^ u«Sh » 1 ^ &: ° 1S ,0 ° 50 *"* and Mn: to 
steel is, as needed, added with at leasVon^kind „f Mi m *? J ^ descnbed to use steel materials where the above 
[0009] According to this SSSSlS^^SS^ LauS' M ° ^ '° " ^ V ( ° ° 5 ,0 1 ° **> 
occurs by cohesion of carbon. Thus, XpZ^STouZ^ T^T °' * **** * nJCtU " h Steel which 
a cause of cohesion for attaining the long life ^ the Carbon is P^ented from diffusion to be 

[0010] Japanese Patent Unexamined Publication No Hei «; 9R9aa ^ -u 

invasion of hydrogen into steel generated in ^companv wl d™ , , ^ exf ° ,iation is ° a "aedby 

caused thereby. It is therefore proposed SSnlS^^^r fT* ^ hydr ° 9en embrittl ^ent 
at the stationary ring-side. There is described that an oxL ZJr T* ^ 1 5 t0 6% f ° r at ' east the bearin 9 rin 9 
that a rolling surface (orbital surface) is made inal^ Zh Z '* ° mf>d °" the Surface of the bearin 9 ""9 so 
it is decomposed, the hydrogen igeniStTd merZTs avoided ST 9re3Se " ?°™«« h0m dec °™P°**°n. 5 even if 
[0011] Further, as a measure for preventing^ eXSZtan lfT°? T ^ Stee ' (beari " 9 nn9 > " 
bearing for alternators is explicated at the Isfartfele^the IT*** \ , ^ 8 fati9Ue of the 

February 27 to March 2, 1995), and it discloses to ££L Z ? ! TeChniCa ' Pap6r: SAE 950944 <°P e " 

grease has a high damper affect, andVus^ ^ L^Zo to^ 'l™ E 9r6aSe ,0 M 9rease - Tha M 

there Lains ^^^^3^23 SS^itr - "5? ^ ^ " ^ 
members, corrosion resistance, and cost. worKabilrty of a steel to be served, hardness for the bearing 
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[0013] For example, as described in pp. 551 to 554 of "Preparatory Manuscript f or Japan Tribology Congress (Tokyo, 
May 1995)-, the bearing for auxiliary machine of engine to be used under the high vibration and high load creates self- 
rotating slide at an entrance side of the stationary ring. Cr oxidized film to be formed with a steel of 1 .5 to 6% Cr is 
easily broken by the self-rotating slide, and so it will be difficult to prevent the early exfoliation of the stationary ring by 

5 the method disclosed in Japanese Patent Unexamined Publication No. Hei. 5-26244. 

[0014] Further, in "WEAR 199 (1996) p 245 to 252, Occurrence of brittle flaking on bearing used for automotive 
electrical instruments and auxiliary device" by Tamada and others, it is described that in the rolling fatigue test of line- 
contact by test pieces of hydrogen charge, test pieces of stainless steel of 13% Cr make change of white structure and 
breakage similar to test pieces of SUJ2 or SUJ3. 

10 [0015] Also even in a case of the M grease, the formation of the oil film might be often insufficient in an atmosphere 
at high temperature exceeding 1 50*C. In addition, if difference in atmospheric temperature is large, a dew easily occurs 
within the bearing, and a water by the dew might go into the lubricant. 

SUMMARY OF THE INVENTION 

15 

[0016] The invention has been made in view of these problems involved with the conventional technique, and with 
respect to the rolling bearings to be used at high vibration, high load and under the using conditions where the water 
might mix into the lubricant, the invention is accordingly to provide such a rolling bearing enabling to prevent the early 
exfoliation in the rolling surface of the outer ring as the stationary ring and to largely lengthen the bearing life. 
20 [0017] The object can be achieved by a rolling bearing, according to the present invention, comprising : 

a stationary ring; 
a rotary ring; and 

a plurality of rolling elements rotatably interposed between the stationary and rotary rings, 
25 at least the stationary ring is made of an iron-steel material containing alloying components of 

0.40% to 1 .20% by weight of carbon (C); 

0.7% to 2.0% by weight of at least one of silicon (Si) and aluminum (Al); 
0.2% to 2.0% by weight of manganese (Mn); 
0.1% to 3.0% by weight of nickel (Ni) and 
30 3.0% to 9.0% by weight of chromium (Cr), 

where Cr-equivalent amount defined by following formula (1) is 9.0 wt% to 17.0 wt%, 

Cr-equivalent amount (%) = [Cr] + 2[Si] + 1 .5[Mo] + 5[V] 
35 + 5.5[AI] + 1 .75 [Nb] + 1 .5 [Til (1) 



in the formula, [Cr], [Si], [Mo] , [V] , [Al], [Nb] and [Ti] show containing percent (wt%) of Cr, Si, Mo, V, At, Nb and 
Tl in the iron-steel material, and 
40 wherein the at least the stationary ring has a rolling surface which is subjected to quenching and tempering and 

has a hardness of HRC 57 or higher. 

[001 8] In addition to this, the above object can also be achieved by a rolling bearing, according to the present inven- 
tion, having at least the stationary ring (a bearing ring of an inner ring and an outer ring, which will be is at a stationary 
45 side when using) satisfying the following ©to @; 

©being fabricated with an iron-steel materia! containing alloying components of carbon (C) 0.40 wt% to 1 .20 wt%, 
silicon (Si) and/or aluminum (Al) 0.7 wt% to 2.0 wt%, manganese (Mn) 0.2 wt% to 2.0 wt%, nickel (Ni) 0.1 wt% to 
3.0 wt% and chromium (Cr) 3.0 wt% to 9.0 wt%, where Cr-equivalent amount shown in the following (1) formula 
50 is 9.0 wt% to 1 7.0 wt%, and then being subjected to quenching and tempering. 



55 



Cr-equivalent amount (%) = [Cr] + 2[Si] + 1 .5[Mo] + 5[V] 

+ 5.5[AI] + 1 .75[Nb] + 1 ,5|Ti] (1) 

(in the formula, [Cr], [Si], [Mo], [V], [Al], [Nb] and [Ti] show containing percent (wt%) of Cr, Si, Mo, V, A!, Nb and Ti 
in the iron-steel material), 
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15 



20 



25 



dimeter being ,ess than lOM^Sffli^'SC?. ' S - *" 1 ° (her6i "' "» -™ 

and further found that hydrogen Z^SS^!^^^ V"* °' the ban '" 9 surface ' 

50 to 500 nm (MC. M 2 C, M 3 C M^ S ) *ssolut,on was trapped by fine carbides having diameter of 

Eg 'a- ^s^^ of carbides existing at .east in the 

50 nm and 500 nm are dispersively prSteted tn thl Z t IT „ m ' tu * Cart " deS haVin9 diam «ters between 
bearing, it is trapped by fine ' cSSZ^S^LZ^ « ? ' Th6reby ' SVen " hydr ° 9en exists with " the 

stress. As a result J^re^SZil^ZZ^ 'T 0 " 3 P ' a ° e generatinQ a maximum -hearing 
is avoided from being SbytC " CaUSin9 1,16 eXf ° liati0n ' " ° f the bearing ring 

SLrb^ such as Mo, V. t, disperse, 

ondarily precipitated in a temoerino or,™ ,reatm u ent of a bla "k material (ingot), ©ultra fine carbides sec- 

t^&i^^ss^s^s^s 9 anerfomin9 them in ,he bearing ring and m ° re fine 

52 appear £ IS^^^n^^^r" TT* ™°^ 9 ™ 1M ™" 

and since the fine cracks devetop Se jarts wSS^t , , 0 " mC,US,0nS ° r 9rain boundar V in 

with the rolling contact, *£ZS£Z^J^ l^S^T?^!!^ * Shearing S,reSS acc °™P a ™d 
strain resulting in acce^ 

S^^T^i^^J^" i°"- Stee ' materia ' *. composition strengthening 

determined depth o? the S^SS^^?*^^. * *"* ^ eci ^ in *• «*■■ «£ a pre" 

restraining development of the ffne cracks Xus tESlTn, ?T? ^ SPread ' n9 r6SiStanCe ° f fati9Ue racking for 

condttion?XreThewate e r easily entora therein and^negreas" " d" * h ' 9 * * Dration and niah load under the 

after quenching and tempering can be HRC 57 or SgtT ' 3 9en6rated ' and the SUrfaCe hardness 

and the forming condition of IS^tZ^JZ^X™ the ma * imum diameter is ,ess tnan 10 >™) ■ 

« is formed). Herein the aleragi*a^ 

r0027i Tho ir«o .f rt , I . a,dmeier ,s defined by (maximum diameter + minimum diameterV2 fnm> 

wl% or lower, niobium (lin o S o lowe ,22 °™ 0,ybdenijm W°> : 3 ° wt% or lower, vanadium (V) 2.0 
is 10.0 wt% to 15.0 S JT^ SSTSiSTSSS' r Cr : eqUiVa,ent ="°wn in the formu,a(1) 

« lun. Upperiimit values of mojbdenu* ^Z^S^l^'^TT 9 " ** bean " 9 faCe h preferab, y ,ess tha " 6 
of workabiiity or cost as later mention^ ^ S lower HmLT^l rangeS CaUSi " 9 no obstacles in 

bringing about later mentioned effeci thefe ° f ^ m,nimum Containin 9 rates ° f substantially 

e^L^rrr '" n9 bearin9> 3 CrttiCa ' Si9nmCanCe f ° r ,imiti " 9 — - to the containing rate of 



[C:0.40 to 1.20 wt%] 
[0029] 



foSs sucL^ctrldVror 9 £S , ^ makin9 ^'^ matriX ' a " d COmbini " 9 

to be made solid in he matrix is short anJ HRC of 57 or ZSr fth TT " ^ tha " 0 ' 4 ° ^ the Cart>on ^ount 
not be secured after quenching and tempering SS mand6d ! ° th ° r0 " in9 bearing) m ' 9ht 

KL'^SJrSrprSb^ 

P ooaov decreased. Further, rf the carbon amount is too much and Cr carbide is much 
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generated, the Cr density in the matrix is decreased, and an enough corrosion resistance by Cr is not probably available. 
[Si: 0.7 to 2.0 wt%] 

5 [0031] Si is an element acting as a deoxidizer during steel making, decreasing oxide-group inclusions working as 
concentrating source of stress, lessening to cause change in the white structure, heightening the quenching and tem- 
pering properties, strengthening martensite of the matrix, and increasing the crack developing resistance. If the Si 
containing amount is less than 0.7 wt%, these effects cannot be enough obtained. If exceeding 2.0 wt%, machinability 
and cold working property are remarkably decreased. 

10 

[Al: 0.7 to 2.0 wt%] 

[0032] Al is, as Si, an element for increasing the quenching and tempering properties. It is dispersively precipitated 
as fine nitride (AIN) in steel so as to prevent crystal grains from becoming coarse. If the Al containing amount is less 
15 than 0.7 wt%, these effects cannot be enough obtained. If exceeding 2.0 wt%, non-metallic inclusion (Al 2 0 3 ) is much 
formed to reduce the life of the bearing. 

[Mn: 0.2 to 2.0 wt%] 

20 [0033] Mn is an element acting as a deoxidizer during steel making similarly to Si and increasing the quenching 
property. If the Mn containing amount is less than 0.20 wt%, these effects are insufficient. If exceeding 2.0 wt%, the 
forging property and machinability are decreased, and Mn combines with sulfur (S) or phosphors (P) to easily generate 
inclusions lowering the corrosion resistances. 

25 [Ni:0.1 to 3.0 wt%] 

[0034] Ni is a strong element for stabilizing austenite, suppressing formation of 8 ferrite, increasing toughness, and 
further heightening the corrosion resistance and acid proof. Similarly to Si, Ni works to heighten the crack developing 
resistance. If being less than 0.1 wt%, these effects cannot be brought about. 
30 [0035] If the containing amount of Ni is too much, not only a cost is high, but also residual austenite is much generated, 
so that a sufficient hardness cannot be provided. So, the upper limit of the Ni content is set to be 3.0 wt%. 
[0036] A preferable Ni content is 0.5 to 3.0 wt%. 

[Cr:3.0to9.0wt%] 

35 

[0037] Cr is an element for imparting the corrosion resistance to steel, and with the Cr content of being more than 
3.0 wt%, it is possible to form a chrome oxide film (passive film) of an enough thickness in the surface layer of the 
bearing ring where the fine carbide is dispersively precipitated. 

[0038] If Cr is more than 9.0 wt%, 5 ferrite is generated to make the iron-steel material brittle, remarkably decrease 
40 the toughness and the workability and easily form giant carbide (eutectic carbide of diameter being 1 6 u,m or more). 
[0039] The Cr containing rate is preferably 5.0 wt% to 8.0 wt%. 

[Mo: 3.0 wt% or lower] 

45 [0040] Mo works to considerably heighten the quenching property and the temper softening resistance, and combines 
with C to form fine carbide of diameter being 500 nm or lower. By the fine carbide, hydrogen is trapped to make the 
change in the white structure difficult to change. Further, it also improves a pitting corrosion resistance. 
[0041] On the other hand, if Mo is exceedingly added, since the toughness and the workability are decreased, the 
upper limit is set to be 3.0 wt%. 

so [0042] If the Mo content is 1 .0 wt% or higher, Mo 2 C is desirably precipitated. 

[V: 2.0 wt% or lower] 

[0043] V is an element for forming carbide and nitride, and suppressing Cr carbide and Cr nitride. If tempering at 
55 400 to 600°C, V generates a secondary precipitation to increase hardness and has an effect heightening strength. If 
the V content exceeds 2.0 wt%, there arises a problem of lowering the workability and increasing material cost. 



_ f *\ S'\ r: , * *\ s'^'^t- 

BEST AVAILABLE COPY 



EP 1 123 986 A1 



[Nb: 1 .0 wt% or lower] 



^IJnrl^T^ Pf T ^ 33 fine Ca,t>ide 3nd nitnde in Steel 10 P revent cr V stal 9 rains 1">™ coarsening 

ZTli Z 9 - k ? b , C ° ntent ' S m ° re than 1 ° Wt% ' Since these effects are sa,urated - not only the material cost 
wastefully increases, but also the workability goes down. 



[Ti: 1 .0 wt% or lower] 

[0045] Ti is dispersive* precipitated as fine carbide and nitride in steel to prevent austenite crystal grains from coars- 

roTnn ? ■ en r^ en T^: 71 COntem iS m ° re tha " 1 ° wt% ' the workabi ^ ^crease and inclusions shortening the 
rolling life (TiN or TiS) increase. y 

[Other elements] 

C^L? 1 ^^^, 0 strengthens martensite and improves the pitting corrosion resistance. When the 
formSton ' S ° ° 5 ° r hi9her ' C ° afSe P " marv eutectic carbide is oppressed from 

[0047] In general, Cr, Mn, Mo and V are elements for heightening solubility of N, but since the N-solubility in steel is 
small in an ordinary steel making process at the atmospheric pressure, it is difficult to contain N more than 0.2 wt% in 
^heXnlnn" °f tL , t ron : ste t lmaterial of the invention - Althou 9" bei "9 «n the composition of the iron-steel material 

to Mntain N m ,K To T2° " """^ ^ ^Sphere, it is possible 

to contain N more than 0.2 wt%. But since a production facility under the high pressure nitrogen atmosphere is requisite 
and it invites high cost, the N content is preferably 0.2 wt% or lower. requisite 
[0048] Oxygen (O) restrains the formation of oxide based inclusions causing to reduce the rolling life, and the content 
is preferable in 1 0 ppm or lower. 

[0049] Sulfur (S) and phosphorus (P) generate, as mentioned above, inclusions causing to decrease the corrosion 
resistance by combining with Mn, and 0.02 wt% or lower is preferable for controlling these inclusions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

ESS P 9 ' I * 3 CTOSS T* 0 ™' Vi6W Sh ° Wing thS r0 " ing bearing corresponding to one exemplified embodiment- and 
ETpI ? " 3 V,eW h Sh0W ' n 9 test P iece used to the tests for examining the spread of fatigue cracking, in which 

is a f^nl v^w al tZZmT * *"* ^ ^ * h0rizontal face - a " d Fi 9- 2B 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

CompiraSe" SaSS-"" * t0 *" *" ^ by ^ °' PraCtiCa ' Examples and 

E tL 1 T C k° SS SeC ! i0nal Vi6W Sh ° Wing 3 r °" ing b6aring corresponding to one embodiment of the invention. 
S2Sr..2T. k 9 ? ^ 3 d6eP 9r00Ve Da " b8aring °' J,S bearin9 N °- 6303 . a " d outer ring 2 is a stationary 
ring secured to a housing 8, while an inner ring 3 is a rotary ring mounted outside on a shaft 7. Between the outer ring 

U Ih!dhI e iri f P °. Sed many r0 " ing 6,ementS held by a holder 5 ' and seali "9 members 6, 6 are 

furnished between the outer ring 2 and the inner ring 3 at both sides of the holder 5 

[0055] A space surrounded by the sealing members 6, 6 is contained as a grease with GREASE E (the same as E 
Grease contained in the bearing for alternator described at the 1st paragraph to the 14th paragraph of "SAE Technical 
Paper: SAE950944 (taking place February 27 to March 2, 1 995)"). 'ecnn.cal 
[0056] In the rolling bearing 1 , the inner ring 3 rotates together with rotation of the shaft 7, and vibration-load by this 

mn*T 3 M ° n 3 r di " 9 Z ° ne ° f the ° Uter ring 2 Via the inner rin 9 3 and tne ro,lin 9 elements 4 from the shaft 7 

2 thP™ T the ° u,errin ? 1 and the outer ring 3 were formed in predetermined shapes with the iron-steel material 

a lS?S!SSS^^r^ -I°"T d bV a " ° rdina,y the^T1a, treatmentS < C ° Wve Example 1 : quenching 
to BOu-CI ZtZ Z 9 I ^ ° therthan Com P arative Exam P |e 1 : hardening by quenching and tempering at is5 
to 500 C) where the quenching temperature was at an austenization temperature range determined by the amounts 
of alloying elements. Thereby, the amount of the residual austanite was 0 to 15 vol%. The surface roughnesTof the 
inner nng 3 and the inner ring 2 was 0.01 to 0.04 (im at Ra. 

tpm/ 6 ^ 6 * l ° eaCh °' the SampleS ' the beanng face of tne outer riR 9 2 was observed 10 times by 1 urn* 
S£7 (a transm,sslon tyP e e,ectr o" microscope), and with respect to carbides of 10 un* in total existing inthe 
beanng face, a maximum and a minimum diameters were measured to calculate an average value When the carbide 
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of 1 p.m or more could not observed by TEM, the maximum value of the carbide of 10 ujti 2 in total in the bearing face 
was investigated as a maximum diameter by SEM (a scanning type electron microscope). With respect to each sample, 
the surface hardness (HRC) of the bearing face of the outer ring 2 was measured, and is shown in Table 2. 
[0059] The used steels contain as impurities phosphorus (P), sulfur (S) and oxygen (O) other than elements shown 

5 in Table 1 , but P and S were 0.02 wt% or lower and O was 1 0 ppm or lower. 

[0060] In both of Examples and Comparative Examples, the rolling elements 4 were formed with the same high 
carbon chromium bearing steel - 2 category (SUJ2), followed by quenching at 860°C, oil quenching and tempering 
150°C. Thereby, the amount of the residual austenite was 3 to 10 vol% and the surface hardness was HRC63. The 
surface roughness of the rolling elements 4 was 0.003 to 0.010 u.m by Ra. 

10 [0061] To the thus produced rolling bearings (Examples 1 to 7 and Comparative Examples 1 to 7) distinguishing the 
inner rings 3 and the outer rings 2 only, the following rolling fatigue life tests were practiced. 

[0062] A testing machine was the life testing apparatus for the bearings disclosed in Japanese Patent Unexamined 
Publication No. Hei. 9-89724, performing the rapidly adjustable-speed tests which switched rotation number between 
9000 rpm and 18000 rpm per each predetermined time (for example, 9 seconds) . The loading condition was P (Load) 
15 /c (Load-Rating Load) = 0.10, and the testing temperature was 80°C constant. As the grease 10, the E grease was 
mixed with water 2 wt%. 

[0063] Under these conditions, as the calculated life is 1350 hours, the testing was stopped at 1500 hours. In the 
tests, test pieces of Examples 1 to 1 0 and Comparative Examples 1 to 6 were 1 0 pieces respectively, and the time 
until delamination occurred was measured. L 10 lives were demanded from results of 10 test pieces. These results are 
20 also shown in Table 2. The condition of the delamination (number of test pieces having delamination) is also shown in 
Table 2. 

[0064] The underlined numerical values in Tables 1 and 2 show those outside of the numerically defining range of 
the invention. In case no delamination occurred until stopping the tests as to all the 10 test pieces, L 10 life was 1500 
hours. 

25 



[Table 1A] 



30 



40 



45 



50 





Steel Compositions (Weight %) 






C 


Si 


Al 


Mn 


Cr 


Ni 


Remarks 


Ex. 


1 


0.40 


2.0 




0.4 


9.0 


3.0 






2 


0.55 


1.2 




0.4 


8.5 


0.50 






3 


0.60 


0.8 




0.4 


7.0 


2.0 






4 


0.60 


0.7 




0.5 


6.5 


0.4 






5 


0.85 


0.7 




0.2 


6.0 


0.70 






6 


0.70 


1.0 




1.0 


5.0 


1.0 






7 


0.70 


0.8 




0.3 


3.0 


0.30 






8 


1.20 


1.2 




2.0 


3.0 


0.10 






9 


0.50 


0.7 




0.4 


8.0 


0.10 






10 


0.60 




0.7 


0.5 


6.5 


0.10 




Com. 


1 


1.05 


0.3 




0.3 


1.5 


0.05 


SUJ2 




2 


1.05 


1.8 




0.8 


1.6 


0.30 






3 


0.85 


0.2 




0.2 


2.1 


O05 






4 


0.85 


0.6 




1.0 


4.5 


0.30 






5 


0.35 


0.9 




0.3 


13.5 


0.30 


SUS420J2 




6 


1.05 


0.3 




0.2 


17.0 


0.30 


SUS440C 


Ex. 


: Examples 


Com. 


: Comparative 


Examples 





• J 

■ t V, 
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(Table 1B] 



5 



10 





Steel Compositions (Weight %) 








Mo 


V 


Nb 


Ti 


Cr-Eq. 


Remarks 


Ex. 


1 


- 


0.5 






15.5 






2 


- 


- 


1.0 


- 


12.7 






3 


- 


- 


- 


1.0 


10.1 






4 


0.5 


- 


- 


0.2 


9.0 






5 


1.0 


1.0 


0.5 


- 


14.8 






6 


- 


2.0 


- 


- 


17.0 






7 


3.0 


- 


- 


- 


9.1 






8 


1.0 


0.5 






9.4 






9 










9.4 






10 


1.0 








11.9 




Com. 


1 










2.1 


SUJ2 




2 


2.0 


1.0 






13.2 






3 


2.0 


0.5 






8.0 






4 










5.7 






5 










15.3 


SUS420J2 




6 










17.6 


SUS440C 


Ex.: Examples Com.: Comparative Examples 
Cr-Eq.: Cr- Equivalent (%) 



jTable 2] 













Test results of bearings 






A 

(°C) 


B 

HRC 


C 

(u.m) 


D 

(nm) 


L10 life 
(hr) 


Peeled conditions 


Spread resistance of 
fatigue crackin g AKIIth 
(MPaVm) 


Ex. 


1 


150 


63 


3.0 


475 


1500 


No peeling 


22.0 




2 


450 


64 


1.0 


100 


1500 


■t 


29.3 




3 


300 


57 


1.0 


210 


1500 


■i 


30.4 




4 


150 


61 


2.0 


50 


1480 


3/10 Peeling in outer 
ring 


26.4 




5 


500 


64 


1.0 


300 


1500 


No peeling 


31.5 




6 


400 


62 


1.0 


500 


1500 


•I 


21.3 




7 


150 


60 


1.0 


95 


1403 


2/10 Peeling in outer 
ring 


25.2 




8 


150 


62 


1.0 


71 


1425 




25.7 




9 


150 


58 


2.0 


63 


1400 


3/10 Peeling in outer 
ring 


21.0 




10 


150 


61 


1.0 


150 


1500 


No peeling 


27.3 



8 

BEST AVAILABLE COPY 



EP1 123 986 A1 



[Table 2] (continued) 













Test results of bearings 




A 

(°C) 


B 

HRC 


c 

(H-rn) 


D 

(nm) 


L10 life 
(hr) 


ppplpH r*nnriition«t 


Spread resistance of 
fatigue crackin g AKIIth 
(MPaVm) 


Com. 


1 


150 


62 


2.0 


1080 


139 


10/10 Peeling in outer 
ring 


14.1 


2 


300 


59 


1.5 


487 


345 


•I 


19.1 


3 


400 


61 


4.5 


447 


736 


■I 


16.3 


4 


150 


63 


5.0 


31 


294 




15.9 


5 


150 


54 


10.0 


450 


203 


■i 


19.6 


6 


450 


62 


S15.0 


2350 


198 


■I 


12.9 


Ex.: Examples Com.: Comparative E 
A: Tempering temperature B: Surfac 
C: Maximum diameter of carbide 
D: Average diameter of carbide 


Samples 
b hardness 



[0065] Tests for investigating spread of fatigue cracking of the inner and outer rings of Examples 1 to 10 and Com- 
parative Examples 1 to 6 were carried out as follows with the test pieces as shown in Fig. 2. 

[0066] The test were based on the testing method described in "Explication by destructive dynamics of micro and 
macro tribology problem, Theme No, 07305050, Subsidy for chemical research expense in 1 995 to 1 996 Research for 
base plate (A) (1)), Report of studied results, March 1997, pp. 53 to 61" . The test pieces shaped as in Fig. 2 were 
formed with the iron-steel materials of the compositions shown in Table 1 , and the respective test pieces were subjected 
to the thermal treatment. As seen in Fig. 2, the test piece is formed with an attaching hole H for the testing machine 
and a crack spread measuring portion C. 

[0067] With the thermally treated test pieces, as values showing spread resistance of fatigue cracking of Mode II 
(Shearing type), lower limit values of fatigue crack developing (scope of enlarging coefficient of stress of the lower 
limit), A K, lth , 

were measured. The larger this value, the crack spread is difficult at an initial step of service. 

[0068] The testing machine was an electrohydraulic servo type tension fatigue tester. The testing conditions were 
testing temperature = room temperature, load variation width AP = 1500 kgf, frequency number f = 6 Hz, and symmetric 
sine wave (stress ratio R = -1). Cracking lengths were measured by AC potentiometer. 
[0069] AK„ th of the respective samples is shown in Table 2. 

[0070] As seen from these tested results, in the rolling bearings of Examples 1 to 1 0, the compositions of the iron- 
steel materials forming the outer rings and the inner rings satisfy the ranges of the invention (C, Si/A1 , Mn, Cr, Ni), , 
the Cr-equivalent amounts forming the outer rings and the inner rings also satisfy the ranges of the invention (9.0 to 
1 7.0 wt%), the conditions of carbide meet the inventive ranges (average diameter: 50 to 500 nm, maximum diameter: 
less than 10 |im), and the surface hardness falls within the inventive range (HRC57 or higher), and accordingly the 
lives under the high vibration and high load are considerably lengthened in comparison with the bearings of Comparative 
Examples 1 to 6 which miss even one of these conditions. 

[0071] In particularly, in Examples 1 to 3, 5, 6 and 10, the compositions of the iron-steel materials forming the outer 
rings and the inner rings satisfy the preferable ranges of the invention (C, Si/AI, Mn, Cr, Ni, MoA//Nb/Ti), the Cr-equiv- 
alent amounts forming the outer rings and the inner rings are 10.0 to 17.0 wt%, and the average diameters of carbide 
are 100 to 500 nm, and the lives under the high vibration and high load are elongated in comparison with Examples 
4, 7 to 9 any of which are outside from these preferable ranges. 

[0072] With respect to the spread resistance of fatigue cracking, Examples 1 to 1 0 satisfy all the inventive ranges in 
the compositions and the Cr-equivalent amount of the iron-steel materials, the conditions of carbide, and the surface 
hardness, and so, the values are larger than those of Comparative Examples. If satisfying the inventive ranges, it is 
seen that the cracking spread is difficult at the initial step of service. Incidentally, since in Comparative Example 6, the 
eutectic carbide of the maximum diameter being 15 u,m or more is created, the average diameter of carbide is very 
large as 2350 nm. 

[0073] Especially in Examples 2, 3, 5 and 10, the average diameters of carbide are 100 to 300 nm and the Cr- 
equivalent amount is 1 0 to 15 wt%, and the spread resistance of fatigue cracking is larger than those of Examples 1 , 
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satisfies the above©to©^d the ordinal SUJ? 11 * T™"* ™ 9 mU ° h CaUSed with delamination 

or needle roi.er bJ^^S^^^T' 9W ^ t0 r °" er (taper roller bea ™9 

oii films even with a lubricant 9 " ^ PreC,S '° n ° f the r ° Ughness in the beari "9 «*» and to torn; 

face^, mt^^ » J b ° Ssible to P-en, the earf, exfo.iation in the bearing 

underthe condition ^^ST^Jl^'Sai^ t0 ^ ^ * hi9h ^ " d h <* '° ad 



Claims 



1. 



A rolling bearing comprising: 

a stationary ring; 
a rotary ring; and 

IS 2.2 , ?".' n9 * l, " ,en '* '° 1 * M " y w "P»s«l <*»~n «id Mattonuy ... rotaiy ri™ 

^■r^^r s,TcT i ™■ M,e, mMrt " mm "° — ■ - 

0.1% to 3.0% by weight of nickel (Ni) and 
3.0% to 9.0% by weight of chromium (Cr), 

where Cr-equivalent amount defined by following formula (1) is 9.0 wt% to 17.0 wt%, 
Cr-equivalent amount (%) = [Cr] + 2[Si] + 1 .5[Mo] + 5[V] 

+ 5.5[AI] + 1.75[Nb] + 1.5Ui] (1) 

s sr^sssi? tA "- inbi mi sho " <"*> - <* «. «*. v. «. » „ a 

2. U.. Mag tearing a* «, M, ,„ «, , , „„.„,„ „ „„, ,„„ 

M l.a« a„. of V, NB M Tl. wh.a saMyi „ g . eo^,o„ «,« V a 2? wriZ i , o Sj.nd n S , .„ M . 

5 - SMs^'rji'r ; cr ™" m "-' , —- - — — • — — - 
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7. The rolling bearing as set forth in claim 3, wherein maximum diameter of carbide existing in the rolling surface of 
at least said stationary ring is less than 10 u,m. 

8. The rolling bearing as set forth in claim 4, wherein maximum diameter of carbide existing in the rolling surface of 
at least said stationary ring is less than 1 0 u.m. 

9. The rolling bearing as set forth in claim 1 , wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

10. The rolling bearing as set forth in claim 2, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

is 11. The rolling bearing as set forth in claim 3, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

12. The rolling bearing as set forth in claim 4, wherein average diameter of fine carbide existing in the rolling surface 
20 of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

13. The rolling bearing as set forth in claim 5, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

25 wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

14. The rolling bearing as set forth in claim 6, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

30 

15. The rolling bearing as set forth in claim 7, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 

35 16. The rolling bearing as set forth in claim 8, wherein average diameter of fine carbide existing in the rolling surface 
of at least said stationary ring is 50 to 500 nm, 

wherein the average diameter is defined by (maximum diameter + minimum diameter)/2 (nm). 



40 



17. The rolling bearing as set forth in claim 1 , further containing: 

10 ppm or less of O; 

0.02% or less by weight of S; and 

0.02% or less by weight of P. 

18. The rolling bearing as set forth in any one of claims 1 to 17, wherein the rolling bearing is used for auxiliary machines 
of an automobile engines. 
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FIG.1 
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